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SPECIFICATION, 



MULT I DIRECTIONAL INPUT APPARATUS 



Field of the Invention 

The present invention relates to a multi -directional input 
apparatus for inputting various signals by operating an operating 
member which is operated in arbitrary direction therearound. 

Background Art 

■ A multi-directional input apparatus of this type called 
joystick is usually supported in a case such that the apparatus 
can be turned in two directions perpendicular to each other, 
and comprises a set of upper and lower turning members having 
long holes each extending in a direction perpendicular to the 
turning direction, an operating member passing through the long 
holes of the set of upper and lower turning members for turning 
the turning members by operating the operating member in an 
arbitrary circumferential direction, a spring compressed and 
accommodated in the case for resiliently holding the operating 
member in its neutral position, a returning mechanism for 
automatically returning the operating member from a position 




where the operating member is operated in an arbitrary direction 
therearound to a neutral position, and a set of signal output 
means for outputting a signal corresponding to the turning angle 
of each the turning member. 

In such a multi-directional input apparatus, in order 
prevent the operating member from being pulled out, a lower 
portion of the operating member is supported by a lower turning 
member such that the operating member can turn in a direction 
of the long hole. As a pivotally supporting mechanism of the 
operating member, in a multi-directional input apparatus 
described in each of Japanese Utility Model Publication Nos . 
H5-19925, H7-27608 and Japanese Patent Application Laid-Open 
No . H10-283885, for example, a lower portion of the operating 
member is connected to a lower turning member by means of a pin 
directed to a direction perpendicular to the long hole. With 
this structure, the operating member is turned in the direction 
of the long hole of the lower turning member, thereby turning 
the upper turning member. Further, the operating member is 
turned together with the lower turning member in the direction 
of the long hole of the upper turning member, thereby turning 
the lower turning member. 

As the returning mechanism for automatically returning 
the operating member from a position where the operating member 
is operated in an arbitrary direction therearound to a neutral 
position, a multi-directional input apparatus described in 
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Japanese Utility Model Publication No, H5-19925 employs a 
structure in which a push up member biased upward by a spring 
resiliently hold the set of upper and lower turning members at 
the neutral position. 

Further, a multi-directional input apparatus described 
in each of Japanese Utility Model Publication Nos . H7-27608 and 
Japanese Patent Application Laid-Open No . H10-283885 employs 
a structure, as the returning mechanism, in which a pan-like 
operating body provided on a lower end of the operating member 
is resiliently pressed upward by means of a spring provided below 
the operating body, thereby resiliently holding only. the 
operating member at the neutral position. 

However, these conventional multi-directional input 
apparatuses have the following problems relating the pivotally 
supporting mechanism of the operating member and the returning 
mechanism . 

In any of these mult i -directional input apparatuses, since 
an intermediate portion of the operating member is connected 
to the lower turning member by means of the pin, the number of 
parts is increased. Further, the entire length of the operating 
member is increased, and it is difficult to reduce the apparatus 
in size and height. 

Concerning the returning mechanism for returning the 
operating member to the neutral position, according to the 
multi-directional input apparatus described in Japanese Utility 
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Model Publication No. H5-19925, although the set of upper and 
lower turning members are directly held at the neutral position, 
the operating member is held at the neutral position only 
indirectly. On the contrary, in the case of the 
multi-directional input apparatus described in each of Japanese 
Utility Model Publication Nos. H7-27608 and Japanese Patent 
Application Laid-Open No .H10-283885, although the operating 
member is directly held at the neutral position, the set of upper 
and lower turning members are held at the neutral position only 
indirectly. Therefore, in any of these apparatuses, the 
returning precision of the operating member and the turning 
members to the neutral positions is not sufficient.' 

The present invention has been accomplished in view of *- 
these circumstances, and it is a first object of the invention 
to provide a multi-directional input apparatus in which the 
apparatus can easily be reduced in size including its height. 
It is a second object of the invention to provide a 
multi-directional input apparatus in which the returning 
precision of the operating member to the neutral position is 
high . 

Disclosure of the invention 

To achieve the above obj ect, the present invent ion provides 
a multi-directional input apparatus comprising a set of upper 
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and lower turning members supported in the case such that the 
turning members can turn into two intersecting directions and 
each having a long hole extending in a direction perpendicular 
to the turning direction; an operating member passing through 
each of the long holes of the set of upper and lower turning 
members, the operating member turning each of the turning members 
when the operating member is operated in arbitrary direction 
therearound; a returning mechanism for returning the operating 
member from a position where the operating member is operated 
in the arbitrary direction therearound to a neutral position; 
and a set of signal output means connected to ends of the set 
of upper and lower turning members for outputting signal 
corresponding to a turning angle of each of the turning members ; 
wherein the operating member is integrally provided at its lower 
portion with a turning shaft which is perpendicular to the 
operatingmember at right angles and/or a turning-type coming-out 
preventing portion comprising an upwardly swelling 
semi-spherical portion, and a recess into which the coming-out 
preventing portion is turnably fitted is provided in a lower 
surface of the lower turning members. 

That is, in the multi-directional input apparatus of the 
present invention, in order to prevent the operating member from 
coming out, the turning shaft smaller than the spherical portion 
and/or a semi-spherical turning-type coming-out preventing 
portion is provided on the lower portion of the multi-directional 
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input apparatus, the recess to which the coming-out preventing 
portion is fitted is provided in the lower surface of the lower 
turning member, thereby restraining the coming-out preventing 
portion from projecting downward. Therefore, the number of 
parts is small, and the apparatus can be reduced in size including 
the height. 

The returning mechanism may resiliently hold either one 
of or both the operating member and the turning members* When 
both the operatingmember-and the turning members are resiliently 
held in the neutral position, the precision for returning the 
operating member to the neutral position can be improved. That . 
is, the second object is achieved. 

It is preferable that the returning mechanism includes „ 
a spring compressed and accommodated in the case, and a slider 
biased by the spring. With this feature, the precision for 
returning the operating member to the neutral position is further • 
improved . 

It is preferable that the slider resiliently abuts from 
below against a flat surface downwardly formed on a lower portion 
of the operating member and/or flat surfaces downwardly formed 
on opposite end shafts of the set of upper and lower turning 
members. This structure is especially effective when both the 
operating member and the turning members are resiliently held 
in the neutral position 

The operating member is supported from below by the upward 
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boss and/ or the returning mechanism provided on the bottom plate 
of the case. 

It is preferable that the boss is provided at its upper 
surface with a downwardly swelling semi-spherical recess, and 
the operating member is provided at its lower surface with a 
downwardly swelling semi-spherical projection which fits into 
the recess. Further, it is preferable that the boss is provided 
at its upper surface with an upwardly swelling semi-spherical 
projection, and the operating member is provided at is lower 
surface with an upwardly swelling semi-spherical recess into 
which the projection is fitted. With the feature, the lower 
portion of the operating member is 'turnably supported in an 
arbitrary direction therearound reliably. 

The boss can also serve as a guide for the slider. 

Instead of the boss, a push switch may be disposed below 
the operating member. In this case, it is preferable to use 
the returning mechanism as a mechanism for biasing the operating 
portion upward. 

The coming-out preventing portion may be a semi-spherical 
portion or the turning shaft. The semi-spherical portion may 
be provided with the turning shaft . In order to reduce the size 
of the apparatus, it is preferable that the turning shaft, 
especially an upwardly swelling semi-circular turning shaft is 
directly formed below the shaft of the operating member. The 
turning shaft can prevent the operating member from rotating 
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around its center axis. 

As the turning shaft, an upwardly swelling substantially 
semi -circular turning shaft integrally provided below the shaft 
is preferable because the entire height can be reduced. The 
turning shaft may pro j ect from opposite side of the lower portion 
of the operating member. 

The slider may abut against the lower surface of the 
semi-spherical portion. That is, the semi-spherical portion 
can utilize the lower surface as a flat surface against which 
the slider abuts. When the semi-spherical portion is not 
provided, the disc is provided below the turning shaft so that 
the lower surface of the disc can be used as the flat surface 
against which the slider abuts. This is suitable for the 
substantially semi-circular turning shaft . As a pair of turning 
shafts projecting to the opposite directions, a downward flat 
surface may be provided on the lower portion of the operating 
member, substantially columnar turning shafts may be projected 
from the opposite sides of the flat surface. 

It is preferable that the disc is accommodated in a recess 
provided in the lower surface of the lower turning members because 
the entire height can be reduced. In this case, the pair of 
bearings to which the turning shafts are fitted are provided 
in an inner surface of the recess. 

The set of signal output means may be any of electric sensors, 
optical sensors and magnetic sensors, and the kind thereof is 
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not limited. 

Brief Description of the Drawings 

Fig. 1 is apian viewof a multi-directional input apparatus 
according to a first embodiment of the present inventions- 
Fig. 2 is a front view of the multi-directional input 
apparatus; 

Fig. 3 is a longitudinal sectional front view of the 
multi-directional input apparatus; 

Fig. 4 is a sectional view taken along an arrow A- A in 
Fig. 1; 

Figs. 5 shows a lower case used in the multi-directional 
input apparatus, wherein Fig. 5(a) is a plan view, Fig. 5(b) 
is a front view and Fig. 5(c) is a sectional view taken along 
an arrow B-B; 

Figs. 6 show an upper case used in the multi-directional 
input apparatus, wherein Fig. 6(a) is a plan view, Fig. 6(b) 
is a front view and Fig. 6 (c) is a sectional view taken along 
an arrow B-B; 

Figs. 7 show an operating member used in the 
multi-directional input apparatus, wherein Fig. 7(a) is a plan 
view, Fig. 7(b) is a front view, Fig. 7(c) is a side view and 
Fig. 7(d) is a bottom view; 

Figs. 8 show an upper turning member used in the 
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multi-directional input apparatus, wherein Fig. 8 (a) is a plan 
view, Fig. 8(b) is a side view, Fig. 8(c) is a front view, Fig. 
8(d) is a sectional view taken along an arrow E-E, Fig. 8(e) 
is a sectional view taken along an arrow F-F and Fig. 8(f) is 
a bottom view; 

Figs. 9 show a lower turning member used in the 
multi-directional input apparatus, wherein Fig. 9(a) is a plan 
view, Fig. 9(b) is a front view, Fig. 9 <c) is a side view, Fig. 
9(d) is a sectional view taken along an arrow G-G, Fig. 9(e) 
is a sectional view taken along an arrow H-H and Fig. 9(f) is 
a bottom view; 

Fig. 10 show a slider used in the multi-directional input 
apparatus, wherein Fig. 10(a) is a plan view, Fig. 10(b) is a 
front view and Fig. 10(c) is a sectional view taken along an 
arrow I-I; 

Fig. 11 is a longitudinal sectional view of a 
multi-directional input apparatus according to a second 
embodiment of the invention; 

Fig. 12 is a longitudinal sectional view of a 
multi-directional input apparatus according to a third 
embodiment of the invention; 

Fig. 13 is a longitudinal sectional view of a 
multi-directional input apparatus according to a fourth 
embodiment of the invention; 

Fig. 14 is a plan sectional view of a multi-directional 
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input apparatus according to a fifth embodiment of the invention; 

Fig. 15 is a front view of the multi-directional input 
apparatus; 

Fig. 16 is a side view of the multi-directional input 
apparatus; 

Fig. 17 is a sectional view taken along a J-J line in Fig. 

14; 

Fig. 18 is a sectional view taken along a K-K line in Fig. 

14; 

Figs. 19 show an upper turning member used in the 
multi-directional input apparatus, wherein Fig. 19 (a) is a plan 
view, Fig. 19(b) is a left side view, Fig. 19(c) is a front view 
and Fig. 19(d) is a right side view; 

Figs. 20 show a lower turning member used in the 
multi-directional input apparatus, wherein Fig. 20 (a) is a plan 
view, Fig. 20(b) is a sectional view taken along a line L-L in 
Fig. 20(a), Fig. 20(c) is a sectional view taken along a line 
M-M in Fig. 20(a) and Fig. 20(d) is a right side view; 

Fig. 21 is a plan view of a multi-directional input 
apparatus according to a sixth embodiment of the invention; 

Fig. 22 is a side view of the multi-directional input 
apparatus; and 

Fig. 23 is a side view of a multi-directional input 
apparatus of a seventh embodiment of the invention. 
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Explanation of Symbols 



10 




case 


10a 




lower case 


10b 




upper case 


14 




boss 


15 




recess 


15' 




pro j ection 


2 OA, 


20B 


signal output means 


30 




operating member 


32 




disc 


33 




pro j ection 


33' 




recess 


34 




flat surface 


35 




turning shaft (coming-out preventing portion) 


36 




semi-spherical portion (coming-out preventing 


portion) 




4 OA, 


4 OB 


turning member 


41A, 


41B 


turnina shaft 


42A 




arc portion 


42B 




semi -spherical portion 


43A, 


43B 


long hole 


4 4A, 


44B 


flat surface 


45A, 


4 5B 


pro j ections 


4 6B 




recess 
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47B 



bearing 



4 8A 



connection portion 



50 



slider 



52 



first abutment surface 



53 



second abutment surface 



60 



spring 



70 



push switch 



Embodiment of the Invention 

As shown in Figs. 1 and 2, a multi-directional input 
apparatus according to the embodiment of the present invention 
comprises a box-like case 10 disposed on a board, and signal 
output means 20A and 20B mounted to two crossing side surfaces 
of the case 10. The signal output means 20A and 20B may be any 
of electric sensors, optical sensors and magnetic sensors, and 
the kind thereof is not limited. 

As shown in Figs. 3 and 4, accommodated in the case 10 
are a rod-like operating member 30 which is inclined in an 
arbitrary direction around its lower portion, a set of upper 
and lower turning members 40A and 40B turned by the operating 
member 30 , a slider 50 as a returning mechanism for automatically 
returning the operating member 30 to a neutral position, and 
a spring 60. 



Structures of the case 10, the operating member 30, the 
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turning members 40A and 40B and the slider 50 will be explained 
in detail below* 

The case 10 is of a two-piece structure comprising a 
combination of a lower case 10a forming a bottom plate of the 
case 10 and an upper case 10b fitted to the lower case 10a from 
above . 

As shown in Fig. 5, the lower case 10a has a rectangular 
bottom plate 11 . Two parallel sides of the bottom plate 11 are 
provided with pawls 12 upwardly pro j ecting for securing the lower 
case 10a to the upper case 10b. A central portion of each side 
of the bottom plate 11 is provided with a support 13 projecting 
upward for supporting the turning members 4 OA and 4 0B. A central 
portion of an upper surface of the bottom plate 11 is provided 
with a boss 1 4 having a circular cross section serving as a support 
member for the operating member 30 and a guide member for the 
slider 50. An upper end surface of the boss 14 is formed with 
a downwardly swelling semi-spherical recess 15. 

As shown in Fig. 6, the upper case 10b to be put on the 
lower case 10a is a box-like cap whose lower surface is opened. 
A ceiling of the upper case 10b is provided with an opening 16 
through which an upper portion of the operating member 30 pro j ects 
upward. Each side wall of the upper case 10b is provided with 
a notch 18 into which the support 13 is fitted. Inner surfaces 
of two parallel side walls are provided with fitting portions 
into which the pawls 12 are fitted. Crossing two side walls 
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are provided with pairs of pawls 19 at opposite sides of the 
side for securing the signal output means 20A and 20B. 

When the upper case 10b is put on the lower case 10a, the 
pawls 12 of the lower case 10a are fitted to the fitting portions 
17 of the upper case 10b, thereby securing the lower case 10a 
to the upper case 10b. When the supports 13 of the lower case 
10a are fitted to the notches 18 of the upper case 10b, each 
of the side surfaces of the case 10 are formed with a circular 
opening for supporting opposite end shafts of the turning members 
40A and 40B. The signal output means 20A and 20B are secured 
to the two crossing side surfaces of the case 10 by means of 
the pawls 19 . 

As shown in. Fig. 7, the operating member 30 includes a 
shaft 31 comprising a straight rod. Turning shafts - 35 and 35 
projecting in two directions crossing the operating member 30 
are provided on the lower portion of the shaft 31. Each of the 
turning shafts 35 and 35 has a semi-circular upper surface. A 
lower portion of each the turning shaft 35 is provided with a 
disc 32 having a diameter greater than the shaft 31. A central 
portion of a lower surface of the disc 32 is provided with a 
downwardly swelling semi-spherical projections 33. The 
projections 33 have shape corresponding to a recess formed in 
an upper end surface of the boss 14. A lower surface of the 
disc 32 except its central portion is a flat surface 34 against 
which the slider 50 abuts resiliently. Center lines of the 
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turning shafts 35 and 35 cross centers of the semi-spherical 
projections 33. 

As shown in Fig. 8, the upper turning member 4 OA is provided 
at its opposite ends with turning shafts 41A and 41A each having 
a circular cross section, and is provided with an upwardly 
swelling arc 42A between the turning shafts 41A and 41A. The 
arc 42A is provided with a long hole 43A extending in a turning 
center axis direction as a guide hole for the operating member 
30 . An inner surface of the arc 42Ais an arc surface in a direction 
of the long hole 43A and in a direction perpendicular to the 
long hole 43A so that the turning movements of the turning members 
40A and 40B are not hindered. • 

Lower surfaces of the shafts for connecting the turning 
shafts 41A and. 41A and the arc 42A are flat . surfaces 44A and 
44A against which the slider 50 resiliently abuts from below. 
The flat surfaces 44A and 44A are located slightly below a lower 
surface (flat surface 34) of the disc 32 of the operating member 
30. Tip end surfaces of the turning shafts 41A and 41A are 
provided with projections 45A and 45A for connecting the signal 
output means to the turning shafts 41A and 41A. 

The lower turning member 40B is combined with a lower 
portion of the upper turning member 40A at right angles. As 
shown in Fig. 9, the turning member 4 OB is provided at its opposite 
ends with turning shafts 41B and 41B each having a circular cross 
section, and with an upwardly swelling semi-spherical portion 
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42B between the turning shafts 41B and 41B. The semi-spherical 
portion 42B is provided with a long hole 4 3B extending in a turning 
motion center axis direction as a guide hole for the operating 
member 30. A lower surface of the semi-spherical portion 42B 
is provided with a recess 46B into which the disc 32 of the 
operating member 30 is rotatably fitted, and is provided at its 
inner surface with semi-circular bearings 47B and 47B into which 
the semi-circular turning shaft 35 are fitted. The long hole 
43B is sandwiched between the bearings 47B and 47B. 

Shafts connecting the turning shafts 41B and 41B and the 
semi-spherical portion 42B are flat surfaces 44B and 44B against 
which the slider 50 resiliently abuts from below. The flat 
surfaces 44B and 44B are flush with the flat surfaces 44A and 
44A of the turning member 40A. Tip end surfaces of the turning 
shafts 41B and 41B are provided with projections 45B and 45B 
for connecting the signal output means. 

As shown in Figs . 3 and 4 , the set of upper and lower turning 
members 40A and 40B are incorporated in the case 10 in a state 
in which the turning center axes thereof are intersecting at 
right angles in the same plane, and rotatably supported in the 
case 10. The operating member 30 is inserted through the long 
holes 43A and 43B of the turning members 40A and 40B. The disc 
32 is fitted into the recess 46B of the turning member 40B. The 
turning shafts 35 and 35 are fitted to the bearings 47B and 47B 
provided in the inner surfaces of the recess 4 6B . The pro j ections 

17 




33 are fitted in the recess 15 formed on the upper end surface 
of the boss 14 of the lower case 10a. In this state, the operating 
member 30 is incorporated in the turning members 40A and 40B 
in the case 10 . 

With this operation, the operating member 30 can be 
inclined in all direction around the projections 33 on the boss 
14. The operating member 30 is inclined in the direction of 
the long hole 43B of the lower turning member 40B around the 
turning shafts 35 and 35 . With this structure, the upper turning 
member 4 OA is turned along the upper surface of the semi -spherical 
portion 42B of the lower turning member 40B. When the operating 
member 30 is inclined in the direction of the long hole 43A of 
the upper turning member 4 OA around the turning shafts 4 IB; and 
41B of the lower turning member 40B, the lower turning member 
40B is turned along the lower surface of the arc 42A of the upper 
turning member 4 OA. 

As shown in Fig. 10, the slider 50 for automatically 
returning the operating member 30 to the neutral position is 
substantially rectangular pi ate- like member which is vertically 
movably fitted into the lower case 10a . The slider 50 is provided 
at its center portion with a hole 51 through which the pro j ection 
33 abuts against the boss 14 of the lower case 10a. The slider 
50 can vertically move along the wall surfaces of the upper and 
lower cases 10a and 10b as a guide. A diameter of the hole 51 
is substantially equal to a diameter of the boss 14 of the lower 
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case 10a so that the boss 14 can have a function as a guide. 
With this featured, the slider 50 can vertically move more 
reliably. In order to turnably support the lower portion of 
the operating member 30, a periphery of the hole 51 is formed 
with a curved tapered portion 55 into which the projection 33 
is fitted. An annular flat surface formed on an upper surface 
of the slider 50 located around the hole 51 is a first abutment 
surface 52 which comes into contact with a lower surface (flat 
surface 34) of the disc 32 of the operating member 30. Four 
flat surfaces provided around the first abutment surface 52 are 
second abutment surfaces 53 which respectively come into contact 
with the flat surfaces 44A and 44A of the turning member 40A 
and the flat surfaces 44B and 44B of the turning member 40B/. 

The. slider 50 is provided at its lower surface with; a 
circular groove 54 into which the spring 60 is fitted. 

The spring 60 is compressed and accommodated between the 
slider 50 and the bottom plate 11 of the lower case 10a. The 
50 is biased upward by the spring 60, and the slider 50 brings 
the first abutment surface 52 into contact with the lower surface 
(flat surface 34) of the disc 32 of the operating member 30 
resiliently, thereby directly holding the operating member 30 
at the neutral position. The second abutment surfaces 53 is 
brought into contact resiliently with the flat surfaces 44A and 
44A of the turning member 40A and the flat surfaces 44B and 44B 
of the turning member 40B, thereby directly holding the turning 
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members 40A and 40B in the neutral position. 

Next, a function of the multi-direct ional input apparatus 
of the first embodiment of the present invention will be 
explained. 

When the operating member 30 is not operated, the first 
abutment surface 52 of the slider 50 comes into contact 
resiliently with the lower surface (flat surface 34) of the disc 
32, and the operating member 30 is directly held resiliently 
in the neutral position. The flat surfaces 44A and 44A and the 
flat surfaces 44B and 44B of the turning members 40A and 40B 
also come into contact resiliently with the second abutment 
surfaces 53 of the slider 50, and the turning members 40A and 
40B are directly held in the neutral position. Therefore, ..the 
returning precision of the operating member 30 to the neutral 
position is improved. 

When the operating member 30 is inclined into the direction 
of the long hole 43B of the lower turning member 40B, the upper 
turning member 4 OA is turned, and the signal output means 20A 
is operated, and a signal corresponding to the operation amount 
is output. When the operating member 30 is inclined into the 
direction of the long hole 44A of the upper turning member 40A, 
the lower turning member 4 0B is turned, the signal output means 
20B is operated, and a signal corresponding to the operation 
amount is output. By combining these structure, the operating 
member 30 is operated into an arbitrary direction, and a signal 
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corresponding to the direction and the amount of the operation 
is input to the electronic equipment which uses this 
multi-directional input apparatus. 

At the time of this operation, the lower surface (flat 
surface 34 ) of the disc 32 of the operating member 3 0 is inclined . 
Further, the flat surfaces 44A and 44A of the turning member 
40A and the flat surfaces 44B and 44B of the turning member 40B 
are inclined. With the inclination, the slider 50 is pushed 
down against the biasing force of the spring 60, and this applies 
returning force to the operatingmember 30 and the turningmembers 
4 OA and 4 OB. 

The operating member 30 is integrally formed at its lower 
portion with the turning shafts 35 and 35 . Therefore, the number' 
of parts is reduced as compared with an operating member using 
pins as turning shafts . Further, a length of the operatingmember 
30, especially a length of the operating member 30 accommodated 
in the case 10 is shortened, and it is easy to reduce the apparatus 
in size including the height. Furthermore, the turning shafts 
35 and 35 are directly provided without through the 
semi-spherical portions and thus, the projecting amount thereof 
is small correspondingly, the turning members 40A and 40B are 
reduced in size and thus, the apparatus can also be reduced in 
size . 

The lower portion of the operating member 30 is turnably 
supported between the lower turning member 40B and the boss 14 
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of the case 10. That is, the operating member 30 is pivotally 
supported utilizing both the case 10 and the turning member 40B. 
Further, the turning shafts 35 and 3 5 provided on the lower portion 
of the operatingmember 30 for pivotally supporting the operating 
member 30 are accommodated in the lower turning member 4 0B 
together with the disc 32 below the turning shafts 35 and 35. 
Therefore, the apparatus can also be made smaller. 

By providing the turning shafts 35 and 35 on the lower 
portion of the operating member 30, the operating member 30 is 
prevented from coming out upward and prevented from rotating 
around its axis. 

Next, a multi-directional input apparatus of a second 
embodiment of the invention- will be explained with reference. 
Fig . 11. This apparatus is different from the multi -directional 
input apparatus of the first embodiment in that an upwardly 
swelling semi-spherical portion 36 is provided on the operating 
member 30 instead of the turning shafts 35 and 35. The 
semi-spherical portion 36 is integrally formed on the lower disc 
32. The semi-spherical portion 36 also contributes to 
suppression of height of the apparatus like the turning shafts 
35 and 35. 

A multi-directional input apparatus of a third embodiment 
will be explained with reference to Fig. 12. 

This apparatus is different from the multi-directional 
input apparatus of the first embodiment in that the operating 
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member 30 is provided at its lower surface with an upwardly 
swelling semi-spherical recess 33' , and the boss 14 is provided 
with an upwardly swelling semi-spherical projection 15' which 
is to be fitted to the recess 33' . 

Amulti-directional input apparatus of a fourth embodiment 
will be explained with reference to Fig. 13. 

This apparatus is different from the multi-directional 
input apparatus of the first embodiment in that a push switch 
70 is provided below the operating member 30 instead of the boss 
14. In this case, the operating member 30 is resiliently 
supported by the slider 50 from below . The slider 50 resiliently 
holds the operating member 30 in the neutral position. The push 
switch 70 is an independent switch operated when the operating 
member 30 is pushed down, and a membrane on the board may be 
used as the push switch 70. 

Amulti-directional input apparatus of a fifth embodiment 
will be explained with reference to Figs. 15 to 20. 

This apparatus is different from the above-described 
multi-directional input apparatus in structures of coming-out 
preventing portion of the operating member 30 and the returning 
mechanism. 

As shown in Figs. 14 to 16, the multi-directional input 
apparatus of the fifth embodiment of the invention comprises 
the box-like case 10 disposed on the board, and signal output 
means 20A and 20B mounted to two crossing side surfaces of the 
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case 10. The signal output means 20A and 20B are volumes 
(variable resistors) which are electrical sensors. The signal 
output means 20A and 20B include a plurality of terminals 20A f 
and 20B' projecting downward. 

As shown in Figs. 17 and 18, accommodated in the case 10 
are rod-like operating member 30 operated in an arbitrary 
direction therearound, the set of upper and lower turning members 
40A and 40B operated by the operating member 30, the slider 50 
as the returning mechanism for automatically returning the 
operating member 30 to the neutral position, and the spring 60. 

Structures of the case 10, the operating member 30, the 
turning members 40A and 40B, the slider 50 and the spring 60 
will be explained in detail below. 

The case 10 is of a two-piece structure comprising a 
combination of a lower case 10a forming a bottom plate of the 
case 10 and an upper case 10b fitted to the lower case 10a from 
above. The lower case 10a has a rectangular bottom plate 11. 
The bottomplate 11 is formed at its upper surface with a circular 
recess 11 ? for positioning the spring 60, and the recess 11 1 
is formed at its center with the boss 14 projecting upward. The 
boss 14 is of a columnar shape having a circular cross section. 
The boss 14 supports the operating member 30 and the slider 50. 
An upper end surface of the boss 14 is formed into a downwardly 
swelling semi-spherical recess 15. 

Two parallel sides of the bottom plate 11 are provided 
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with pawls 12 upwardly projecting for securing the lower case 
10a to the upper case 10b. A central portion of each side of 
the bottom plate 11 is provided with the support 13 projecting 
upward for supporting the turning members 40A and 40B. 

The upper case 10b to be put on the lower case 10a is a 
box-like cap whose lower surface is opened. A ceiling of the 
upper case 10b is provided with an opening 16 through which an 
upper portion of the operating member 30 projects upward. Two 
parallel side walls of the lower case 10a are provided with notched 
fitting portions 17 with which the pawls 12 are engaged. Each 
the side wall is provided with a notch 18 to which the support 
13 is fitted. The intersecting two side walls are provided with 
a pair of pawls 19 on the opposite sides for securing .the signal 
output means 2 OA and 2 0B. 

When the upper case 10b is put on the lower case 10a, the 
pawls 12 of the lower case 10a are fitted to the fitting portions 
17 of the upper case 10b, thereby securing the lower case 10a 
to the upper case 10b. When the supports 13 of the lower case 
10a are fitted to the notches 18 of the upper case 10b, the opposite 
end supporting portions for the turning members 40A and 40B are 
formed. The signal output means 20A and 20B are secured to the 
two crossing side surfaces of the case 10 by means of the pawls 
19. 

The operating member 30 comprises an upwardly swelling 
semi-spherical portion 36 which is rotatably fitted to the lower 
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turning member 40B, a shaft 31 having a circular cross section 
and projecting from an upper portion of the semi-spherical 
portion 36 upwardly, and a pair of turning shafts 35 and 35 
projecting sideway from opposite sides of the semi-spherical 
portion 36. A lower surface of the shaft 31 except its central 
portion is a circular and annular flat surface 34 perpendicular 
to a center axis thereof. A central portion of the lower surface 
of the shaft 31 is provided with a downwardly swelling 
semi-spherical projection 33. The projections 33 are fitted 
to the semi-spherical recess 15 formed on the upper end surface 
of the boss 14 of the lower case 10a . Each of the pair of opposite 
turning shafts 35 and 35 is of substantially columnar shape whose 
lower portion of the horizontal columnar is removed. A lower 
surface of the turning shaft 35 is a flat, surface which is 
continuously formed with the flat surface 34. 

As shown in Fig. 19, the upper turning member 4 OA is a 
metal plate which is integrally formed by bending unlike the 
other members. One end of the turning member 40A is provided 
with a turning shaft 41A. The other end is provided with a 
connecting portion 48A to be connected to the signal output means 
2 OA. An upwardly swelling arc 4 2A is provided between the turning 
shafts 41A and 41A and the connection portion 48A. The arc 42A 
is provided with a long hole 43A extending in a direction of 
the turning center axis as a guide hole for the operating member 
30. 
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As shown in Fig . 20, the lower turningmember 4 OB is provided 
at its opposite ends with turning shafts 41B and 41B, and an 
upwardly swelling semi-spherical portion 42B formed between the 
turning shafts 41B and 41B. The semi-spherical portion 42B is 
provided with a long hole 43B extending in a direction of the 
turning center axis as a guide hole for the operating member 
30. The semi-spherical portion 42B is provided at its lower 
surface with a semi-spherical recess 46B into which the 
semi-spherical portion 36 of the operating member 30 is fitted. 
A pair of bearings 47B and 47B are provided such as to sandwich 
the recess 46B. The turning shafts 35 and 35 of the operating 
member 30 are fitted to the bearings 47B and 47B from below. 

As shown in Figs. 17 and 18., the set of upper and lower 
turning members 40A and 40B are incorporated in- the case 10 in 
a state in which their turning center axes are intersecting on 
the same plane, and are turnably supported in the case 10. The 
shafts 31 of the operating member 30 are inserted through the 
long holes 43A and 43B of the turning members 40A and 40B, the 
semi-spherical portion 36 is fitted into the recess 46B of the 
lower turning member 40B, and the turning shafts 35 and 35 are 
fitted to the bearings 47B and 47B. In this state, the operating 
member 30 is incorporated in the turning members 40A and 40B 
in the caselO. In this state, the pro j ection 33 of the operating 
member 30 is fitted into the semi-spherical recess 15 formed 
on the upper end surface of the boss 14 of the lower case 10a. 
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Here, the turning shafts 35 and 35 of the operating member 
30 are in the same plane as the turning shafts of the turning 
members 40A and 40B, and are intersecting the direction of the 
long hole 43B of the lower turning member 40B, i.e., in the 
direction of the turning center axis. A direction of the long 
hole 43B of the lower turning member 40B, the direction of the 
turning center axis is intersecting a direction of the long hole 
43A of the upper turning member 40A, i.e., the direction of the 
turning center axis * A center of the semi-spherical proj ection 
33 formed on the lower surface of the operating member 30 is 
located on the turning center line of the operating member 30. 

Therefore, the operating member 30 is inclined around the 
turning shafts 35 and 35 in a direction of the long hole~43B 
of the lower turning member 40B. With this arrangement, the 
upper turning member 40A is turned along the upper surface of 
the semi-spherical portion 42B of the lower turning member 40B. 
The operating member 30 is inclined around the turning shafts 
41B and 41B of the lower turning member 40B in the direction 
of the long hole 43A of the upper turning member 40A. With this 
operation, the lower turning member 4 0B is turned along the lower 
surface of the arc 42A of the upper turning member 40A. 

As shown in Figs . 17 and 18, the slider 50 for automatically 
returning the operating member 30 to the neutral position is 
a ring which is slidably fitted over the boss 14 of the lower 
case 10a. This slider 50 is biased upward by a coil-type spring 
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60 compressed and accommodated between the slider 50 provided 
outside the boss 14 and the bottom plate 11 of the lower case 
10a. With this arrangement, the slider 50 resiliently pushes 
its flat upper surface against the annular flat surface 34 formed 
on the lower surface of the operating member 30 to hold the 
operating member 30 in the neutral position. The spring 60 is 
of a tapered type in which its diameter is gradually reduced 
upward, and is positioned by the circular recess 11' formed on 
the upper surface of the bottom plate 11 of the lower case 10a. 

A function of the multi-directional input apparatus having 
the above-described structure will be explained. 

When the operating member 30 is not operated, the flat 
upper surface of the slider 50 comes into contact resiliently 
with the annular flat surface 34 formed on the lower surface 
of the operating member 30, and the operating member 30 is 
resiliently held in the neutral position directly. 

When the operating member 30 is inclined into the direction 
of the long hole 43B of the lower turning member 40B, the upper 
turning member 4 OA is turned, and the signal output means 20A 
is operated, and a signal corresponding to the operation amount 
is output. When the operating member 30 is inclined into the 
direction of the long hole 44A of the upper turning member 40A, 
the lower turning member 40B is turned, the signal output means 
20B is operated, and a signal corresponding to the operation 
amount is output. By combining these structure, the operating 
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member 30 is operated into an arbitrary direction, and a signal 
corresponding to the direction and the amount of the operation 
is input to the electronic equipment which uses this 
multi-directional input apparatus. 

The operating member 30 is integrally formed at its lower 
portion with the turning shafts 35 and 35 . Therefore, the number 
of parts is reduced as compared with an operating member using 
pins as turning shafts, and the manufacturing cost is reduced. 
Further, a length of the operating member 30 is restrained as 
compared with one in which an intermediate portion of an operating 
member is supported, and it is possible to reduce the entire 
height of the apparatus. 

The operating member 30 is directly held in the neutral 
position by the slider 50 which was guided by the boss 14 biased 
upward by the spring 60 without through the turning members 40A 
and 40B and thus, its mechanism is relatively small. 

Further, the semi-spherical portion 36 and the turning 
shafts 35 and 35 of the operating member 30 are accommodated 
in the recess 4 6B of the lower turning member 40B and the bearings 
47B and 47B, and the operating member 30 is positioned, and the 
projections 33 provided on the lower surface of the operating 
member 30 is fitted to the semi-spherical recess 15 formed on 
the upper end surface of the boss 14 of the lower case 10a. 
Therefore, the operating member 30 is reliably prevented from 
moving downward, and the turning center position of the operating 
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member 30 is reliably determined and fixed. In this embodiment 
also, it is possible to form a recess on a lower surface of the 
operating member 30 and to form a projection on an upper end 
surface of the boss 14. 

As described above, the boss 14 of the lower case 10a serves 
not only as the guide member for the slider 50 but also as a 
stopper and a center position determining member for the 
operating member 30. Therefore, although the structure is of 
multifunctional, the structure is simplified. 

The spring 60 is tapered toward upward, i.e., and a diameter 
thereof is gradually reduced upward. Therefore, although the 
coil spring is accommodated in the space whose height .below the 
turning members 40A and 40B is limited, a sufficient biasing 
force is ensured, and this also contribute the reduction of the 
entire height of the apparatus. 

As described above, the multi-directional input apparatus 
of the fifth embodiment of the invention is small in size and 
its entire height is low but has excellent functions and is 
inexpensive . 

A multi-directional input apparatus of a sixth embodiment 
will be explained with reference to Figs. 21 and 22. 

This apparatus is different from the above-described 
multi-directional input apparatus of the fifth embodiment in 
the signal output means 20A and 20B. Other portion is 
substantially the same. 
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The signal output means 20A and 20B used in the apparatus 
are optical sensors (photo sensors) . Each signal output means 
includes two support plates 21 and 22 mounted on a side surface 
of the case 10 at a predetermined distance from each other. The 
inner support plate 21 is provided at its back side with a fan-like 
gear plate 23. A rotation shaft 23a formed on a base of the 
gear plate 23 is turnably mounted to a back surface of the support 
plate 21 and connected to one of the turning members 40A and 
40B in the case 10. A photo IC 24 is mounted to a front surface 
of the support plate 21. 

An outer gear 25 and a slit disc 26 integrally and coaxially 
connected to each other are disposed between the support plates 
21 and 22. The outer gear 25 and the slit disc. 26 are turnably 
mounted to a back surface of the outer support plate 22, and 
the outer gear 25 meshes with an inner gear 23b of the gear plate 
23. The slit disc 26 is formed at its outer periphery with a 
large number of slits in the circumferential direction at equal 
distances from one another. An LED 27 as a luminous element 
combined with the photo IC 24 is mounted to a surface of the 
outer support plate 22. The LED 27 is opposed to the photo IC 
24 through an opening provided in the support plate 22 and an 
outer periphery of the slit disc 26. 

I f the turning members 4 OA and 4 OB in the case 10 are turned, 
the gear plate 23 connected to each of them is also turned so 
that the outer gear 25 and the slit disc 26 are rotated, and 
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the direction and the amount of the operation of the operating 
member 30 is optically detected, 

A multi-directional input apparatus of a seventh 
embodiment of the present invention will be explained with 
reference to Fig. 17. 

This apparatus is different from the multi-directional 
input apparatuses of the fifth and sixth embodiments in the signal 
outputmeans 20Aand20B, and the other structure is substantially 
the same. 

The signal output means 20A and 20B used in the 
multi-directional input apparatus of the seventh embodiment are 
magnetic sensors. Each signal output means comprises a magnet 
28 connected to the turning members 4 OA. and 40B in the case 10> 
and a pair of Hall elements 2 9 and 29 combined with the magnet 
28. The Hall elements 29 and 29 are mounted on a board 70 on 
which the multi-directional input apparatus is mounted. When 
the turning members 40A and 40B are turned, the magnet 28 is 
turned, and the output balance of the Hall elements 29 and 29 
is changed. 

With this arrangement, the direction and the amount of 
operation of the operating member 30 is magnetically detected. 

The signal outputmeans used in the multi -directional input 
apparatus of the present invention maybe any of electric sensors, 
optical sensors and magnetic sensors, and the kind thereof is 
not limited. 
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As explained above, according to the multi-directional 
input apparatus of the invention, the operating member is 
integrally provided at its lower portion with a turning shaft 
which is perpendicular to the operating member at right angles 
and/ or a turning-type coming-out preventing portion comprising 
an upwardly swelling semi-spherical portion, and a recess into 
which the coming-out preventing portion is turnably fitted is 
provided in a lower surface of the lower turning members. 
Therefore, the number of parts can be reduced. Further, the 
apparatus can be reduced in size including the height. 

According to the other multi-directional input apparatus 
of the invention, in order to automatically return the operating 
member to the neutral, position, the operating member .and/or the 
set of upper and lower turning members are resiliently held in 
the neutral position, and when both the operating member and 
the turning members are resiliently held in the neutral position, 
the precision for returning the operating member to the neutral 
position can be improved. 

According to another multi-directional input apparatus 
of the invention, a combination of a spring compressed and 
accommodated in the case, and a slider biased by the spring is 
used as the returning mechanism. Therefore, the precision for 
returning the operating member to the neutral position can be 
improved. When both the operating member and the turning members 
are resiliently held in the neutral position, if the slider is 
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brought into abutment astride the operating member and the 
turning members, the structure can be simplified. 

According to another multi-directional input apparatus 
of the invention, the slider resiliently abuts from be low against 
a flat surface downwardly formed on a lower portion of the 
operating member and/or flat surfaces downwardly formed on 
opposite end shafts of the set of upper and lower turning members . 
Therefore, the precision for returning the operating member to 
the neutral position can be improved with the simple structure. 

According to another multi-directional input apparatus 
of the invention, the case is provided at its bottom plate with 
a boss directing upward, the lower portion of the operating member 
is supported by the boss such that the operating member can be 
turned in an arbitrary direction therearound. Therefore, the 
operating member can reliably be supported. 

According to another multi-directional input apparatus 
of the invention, the boss is provided at its upper surface with 
a downwardly swelling semi-spherical recess, and the operating 
member is provided at its lower surface with a downwardly swelling 
semi-spherical projection which fits into the recess. 
Therefore, it is possible to prevent the apparatus from being 
enlarged and to reliably support the operating member. 

According to another multi-directional input apparatus 
of the invention, the boss is provided at its upper surface with 
an upwardly swelling semi-spherical projection, and the 
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operating member is provided at is lower surface with an upwardly 
swelling semi-spherical recess into which the projection is 
fitted. Therefore, it is possible to prevent the apparatus from 
being enlarged and to reliably support the operating member. 
According to another multi-directional input apparatus 
of the invention, since the boss also serves as a guide for the 
slider, even when a small slider is used, the slider canbe reliably 
supported. 

According to another multi-directional input apparatus 
of the invention, the operating member is biased upward by the 
returning mechanism and a push switch which is pushed down by 
the operating member is disposed below the operating member. 
Therefore, the function can be enhanced. 

According to another multi-directional input apparatus 
of the invention, an upwardly swelling substantially 
semi-circular turning shaft is disposed as a coming-out 
preventing portion below a shaft of the operating member. 
Turning members the height of the apparatus can effectively be 
restrained . 

According to another multi-directional input apparatus 
of the invention, an upwardly swelling substantially 
semi-circular disc is disposed below a shaft of the operating 
member, and a lower surface of the disc is a downward flat surface 
against which the slider abuts. Therefore, even if the 
coming-out preventing portion is of substantially semi -circular 
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shape, the operating member can reliably be returned to the 
neutral position automatically. 

According to another multi-directional input apparatus 
of the invention, the lower turning member is provided at its 
lower surface with a recess into which the disc is turnably fitted, 
and a pair of bearings are provided on an inner surface of the 
recess as a recess into which the turning shaft is fitted. 
Therefore, increase in height of the apparatus caused by 
providing the disc can be avoided. 

According to another multi-directional input apparatus 
of the invention, since a pair of turning shafts projecting into 
opposite sides areprovided as the coming-out preventingportions 
for the operating member, the operating member can be prevented 
from rotating around its axis which is a problem when the 
semi-spherical is provided. The turning shafts are projected 
from the lower portion of the operating member, and especially 
from opposite sides of the flat surface against which the slider 
abuts. Therefore, the turning members are located at the 
lowermost end of the operating member, and increase in height 
of the apparatus caused by providing the turning shafts can be 
avoided . 

According to another multi-directional input apparatus 
of the invention, the lower turning member is provided at its 
lower surface with a pair of bearings as recesses into which 
the pair of turning shafts are turnably fitted. Therefore, 
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increase in height of the apparatus caused by providing the 
turning shafts can be avoided. 

Industrial Applicability 

The present invention can be utilized as an input device 
of a personal computer, a game machine and the like. 
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